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NIGHT-TEMPERATURE STUDIES IN THE ROSWELL FRUIT
DISTRICT.

By CreEve HaLLENBECK, Observer.
[Dated: Weather Bureau Office, Roswell, N. Mex., July 23, 1918.]
The region covered by this discussion embraces an
i ar area of some 1,200 square miles lying almost
entirely west of the Pecos River. Its length, north and
south, is about five time its average width, with Roswell
within 5 miles of its northern limit, and Carlsbad at its
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The dewpoint or humidity factor is omitted, since it is
a factor that may be ignored in this district.

When none of these influences is appreciable, which is
not often, the night temperature curve is very nearly
normal. The term ‘‘normal curve,” as usefiy herein,
refers to a night temperature trace due only to radia-
tional cooling. It is apparent that this may vary on dif-
ferent nights, or in different localities. A normal cloudy
night radiational ecurve would, in this district, have less
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Fia. 2. A, average radiational night trace for spring lo'f 1918. B, €, and D, individual night traces. K, a ?amholic curve. F, average of all normal night traces for spring of
1918. G, i:l, and I, individual approximately normal night traces.

southern limit. (See fig. 1.) This area includes prac-
tically all of the fruit-growing and farming districts of
the Pecos Valley. :

In this region, which is represented by the Roswell
Weather Bureau station and six substations, departures
of the temperature, on clear nights, from a normal radi-
ational curve are due to five controls or influences:

1. The importation of warmer or colder air.
Topographical influences.
Air aina.gﬁ.
Mixture of thelower air with the air of higherlevels.
Local inequalities in the heating and cooling of
the ground and lower air.

Ll i ad o

than half the range of a clear-night curve; the range of
temperature over cultivated and irrigated country like-
wise would be less than over the dry, bare prairie, although
in each case the thermograph trace may be approxi-
mately a normal radiational curve.

The term **normal position,” also used herein with ref-
erence to night temﬁeratures, requires definition. The
normal position of the temperature at any hour of any
night is the point at which that hour line on the thermo-
gram is intersected by the normal temperature curve for
that night, which itself can be constructed from the com-
pleted trace by eliminating from the trace all controls
other than radiation. It can also be approximately de-
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Fi1a. 1. Topographical map of Pecos Valley in New Mexico. Contours drawn for every 500 foet vertical elevation up to 8,000 feet, and for every 1,000 feet from 8,000 to 10,000,
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termined early in the night, when only a portion of the
trace is available, in the same way.

The temperature trace is not often even approxi-
mately normal on nights favorable to radiational cooling.
The usual clear-night thermogram shows an irregular up-
ward ‘““bulge,” generally between 9 p. m. and 3 a. m.,
although occasionally the ’I%'Jrea.ter portion of the night
trace is convex upward. is characteristic of the night
temperature, which occurred in this district on 59 of 95
consecutive nights during the spring of 1918, is illus-
trated by the four upper traces of figure 2. Trace A is
the mean or composite of all ‘“radiation’” night traces
from March 15 to April 30, 1918. B, C, and D are
selected individual traces which, although quite different
when compared with each other, all exhibit ?,h.is departure
above the normal path (normal paths shown, approxi-
mately, by broken curves). Traces similar to B are of

A
)

. m. to 8 a. m. on clear nights in spring
e Solid black indicates avemfe fall from

Fi1G. 3. Average temﬂ:mture range from 6
with winds from the different directions.
midnight to 6 a. m., white, divided into two-hour intervals, average fall
to midnight.

Tom 6 p. m.
most frequent occurrence, although the rise (or retarded
fall) usuglly begins earlier in the night than shown here.
Trace C is a case, which is not of infrequent occurrence,
where the retarded fall, and the following accelerated
fall (as compared with normal curve) are such as to pro-
duce an aﬁnost uniform fall throughout the night.
Every possible gradation between these selected traces,
and between these and a normal radiational trace, can
be found.

The lower traces of figure 2 illustrate normal traces,
F being the composite of all approximately normal
traces occurring during the spring of 1918, while G, H,
and I are individual traces. It will be noted that K
conforms almost exactly to the parabolic curve, E, and
it is an interesting fact, although possibly accidental,
that all the approximately normal traces during the
season (10 in ﬂ]f , regardless of range, closely conform
to some portion of the curve E.
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Since ah approximately normal temperature curve
occurs on an average on but one night in ten, while full
five nights in ten are good ‘“‘radiation’ nights, it is evi-
dent that one or more of the disturbing factors men-
tioned are usually to be expected.

1. Importation of warmer or colder air.—This refers to
the inflow of cold or warm air in anticyclonic and cyclonic
circulations, and will not be further discussed except as
such importation is modified by the topography.

2. Topographical influences.—Reference to figure 1 will
show that, in general, winds in this district trend upward
if they bave an easterly component, and downward if
they have a westerly component. Easterly winds,
therefore, are more or less dynamically cooled, and
westerly winds similarly warmed. The coldest winds
are from the northeast, trending slightly upward in
addition to coming from a cooler region, while squth-
west winds are the warmest, since they come from a
warmer region and in addition trend downward.

Figure 3 illustrates %{aphically the wind-temperature
effect of the topography for each of the 8 principal
directions.

Each “ray’’ indicates for the spring season the aver-
age temperature ranse from 6 p. m. to 6 a. m. with winds
from the indicated direction. The white portion is the
average fall from 6 p. m. to midnight, and the black
portion the fall from midnight to 6 a. m. The con-
centric circles are drawn for two-degree intervals. It
will be noted that with southwest and west winds the
average fall from midnight to 6 a. m. is only two-fifths of
that for northeast, and for northwest is hardly half as
much. The fall of temperature by two-hour intervals
up to midnight is shown on this figure. It will be seen
that for the first two hours, 6 to 8 p. m., the cooling is
almost exactly the same for all directions from south-
west through northwest to northeast, and for the follow-
ing two hours, 8 to 10 {) m., the difference is not great.
This will be referred to later, and is important in view of
the fact that evening temperature forecasts based upon
the cooling early in the night are usually issued by 8 p. m.

Probably the most important feature of the influence
of the topography occurs when a HIGH moves eastward
or southeastward across the central mountain States.
No material fall of temperature beyond the normal
occurs until the micE has spread eastward across the
mountains; in fact, until this is accomplished, the fall of
temperature is often retarded, or actually rises. (See

. 4). There were two such rises during the year 1916
where the peak of the rise was the maximum tempera-
ture for the day, in spite of the fact that in each case the
day was clear, the rises occurring between midnight and
6 a. m. As soon, however, as the pressure has risen
east of the mountains, the wind at Roswell shifts from
westerly to northeasterly, with rapidly falling tempera-
ture. g‘his occurs before the crest of the micH has
crossed the mountains, and frequently, after a few hours
of northeast wind, there is a return to northwest or west.
This return shift often gives the impression, when the
twice-daily weather maps only are consulted, that the cold
is imported from the west or northwest. The same
shift of wind from westerly to northeasterly may occur
following the passage of a LOwW across the southern -
States of the West with a micE advancing southeast-
ward east of the mountains, and it is in nearly every case
an abrupt shift.

The three upper traces of figure 5 show the effect of
this wind shift on the temperature. The broken lines
represent the rise in pressure, each vertical space being
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equal to 0.02 inch on the mercurial barometer. The
three lower traces were made with similar rises in pres-
sure, but with the wind remaining westerly or north-
westerly throughout the night. 1t may be of interest to
note that trace F, made on the second night after trace
C, reached a minimum of only 49°, while the minimum of
trace C was 11 degrees lower, or 38°. The wind direction
attending trace C (at top of figure) shows the return of the
wind to westerly after having blown from the northeast for
five hours. The wind was southwest at 6 p. m., and west
at 6 a. m.; therefcre it would appear from the weather
maps that the unusual fall of 43 degrees had occurred
with a westerly wind.

These are cases of importation of cold air controlled or
modified by the topography. Such cases as those shown
by traces A, B, and C, figure 5, occur, on an average,

March 2
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nights in spring, usually shifts to ncrtherly or north-
easterly at some time between midnight and sunrise, and,
in 91 per cent of the instances it has a westerly component
for 2 or 3 hours before the change to northeasterly occurs.
This results in a retardation of the night cooling during
those hours, especially when the wind is moderate to
brisk. The northeasterly wind, which is always light
except when supported by a HIGH to the north, is ap-
parently a case of air drainage and is characteristic of
clear nights in sElri and fall. This current, which occurs
in all parts of this district and probably to some aistance
beyond in each direction, is probably never of considerable
depth. Low stratus clouds have many times been ob-
served moving in an opposite direction, and several early
morning observations of smoke indicated a depth, at
Roswell, of between 220 and 250 feet.

ugeon g4, Jo1g,
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Fia. 4. Effect of continuing westerly wind in preventing the normal radiational cooling on night of March 23-24, 1918, Broken line shows curve as caleulated the evening before.

twice during the critical season in spring, and as a result
damaging temperatures occur on an average once each
season.

3. Air drainage.—In the absence of controls other than
radiation and solar heating, the wind at Roswell evi-
dently would shift from south through west to north
during the first half of the night, and back to south
through east during the forenoon. A comparatively
slight barometric gradient will modify the normal shift,
which in an idear form is not frequently observed. The
tendency, however, is clearly revealed in the hourly fre-
quency of the wind from the different directiors over a
period of a month or more. The maximum frequency of
the wind from the different directions is as follows:
North, 34 a. m.; northeast, 67 a. m.; east, 7-8 a. m.;
southeast, 12-1 p. m.; south, 2-3 p. m.; southwest, 9-11
p. m.; west, 11-12 p. m.; northwest, 2-3 a. m. Kven
when the entire circuit is not made, the wind, on clear

An objection to the postulation of air drainage may
agrpea.r in the fact that the trend of the Pecos Valley
through this district is north and south, while this wind
is more northeasterly than northerly. However, the
Pecos Valley in New Mexico is such as to encourage the
development of night air drainage.! Its southward slope
is about 10 to 12 feet per mile, and the grade is quite
uniform. The west and east slopes have each a hori-
zontal width of some 60 miles; eastward, however, the
maximum elevation is only about 1,500 feet above the
elevation of Roswell, while westward, in an equal hori-
zontal distance, the land rises 4,000 to 5,000 feet
above the elevation of this station. The valley floor con-
tains no elevations or depressions worthy of mention.

1 ¢ Ajr drainage™ is here used in the sense of a slow, steady flow down & tle slope,
where the cooling of the air by conduction and by radiation is sufficient to ofiset the .485,.
batic heating of the air in its slow descent. ‘There is no question but that air drainageas
usually thought of, i. e., & continuous flow of air down a slope, ean occur under such con-
ditions. See Bulletin of the Mount Weather Observatory, vol. 6, pp. 123-124 —W: R. G,
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The tributaries of the Pecos are insignificant and follow
shallow depressions; in some cases the streams have no
valleys at all, being nothing more than arroyos. Some
idea of the smoothness of the valley floor may be gained
from the fact that the orchards and masses of shade trees
in this district offer greater obstruction to the flow of air
than do any features of the valley landscape.

It will be noted that Roswell 1s located some 8 miles
west of the Pecos River (see fig. 1), and where the maxi-
mum slope of the land is to the southeast; so that a
northeasterly wind is blowing nearly at right angles to

the time of minimum temperature, which is further
illustrated by traces E to H. On the first three of these
four dates (E to H) the minimum occurred one and a half
hours after sunrise, and on the fourth the minimum was
not reached until about three hours after sunrise. Clear
skies prevailed on each of the four mornings. On the
first three the observer would have been justified in
assuming at sunrise that the minimum had been reached,
since the temperature in each case was rising at the time.
On the fourth date the minimum apparently was reached
at 6 a. m., and for an hour thereafter the temperature

the direction of greatest slope. rose. The sun was then 1 hour 45 minutes high, and the
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represents pressure rise. Lower traces: Similar pressure rises, with wind remaining westerly.

Since the wind prior to the shift to northeasterly nearly

always has a westerly component, the fall of temperature
is retarded before the shift, with an accelerated fall after.
It is possible that this is not entirely a topographic in-
fluence, since the same condition often obtains with a
steady wind from some one direction. The writer has
never noted a case of retarded fall with north, northeast,
or east winds, or of an accelerated fall with west winds.

In figure 6 are four sets of thermograph traces illus-
trating the effect of air drainagf. The first set (A to D)
shows the temperature fall resulting from shifts to north-
east at (A)2a.m., (B) 3a.m,, (C) £4a. m., and (D) 5 a. m.
Trace D also shows the effect of a late shift in advancing

following unexpected fall of temperature, amounting to
10 degrees, coqu have been due only to an influx of cold
air. This fall attended a shift of the wind from north-
west to northeast.

Traces I to L, inclysive, are examples of what local
orchardists call the ‘“dip’ in the temEera.ture, and are
really sharp falls due to late shifts of the wind to north-
easterly, occurring usually after daybreak and sometimes
after sunrise. ese sharp and unexpected falls are one
of the chief concerns of the fruit growers in this district.
Several orchardists, according to their own information,
have suffered serious loss in past seasons from morning 4
“dips”’ that, occurring after the minimum was believed “
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to have been reached, took them unawares and damaged
the fruit before additional heaters could be brought into
action.

On an average, five such “dips” occur each spring
(Mar. 15 to Apr. 30), two of which reach injurious tem-
Feratures. Injurious temperatures occurrinﬁ half an
wour or more after sunrise (clear weather dates only
being considered) occur, on an average, twice each spring.

It is the practice of a number of experienced orcﬁlar -
ists to hold their orchard temperatures several degrees
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Traces M to P of figure 6 illustrate the effect of con-
tinued westerly winds during the night. Up to midnight
these traces are not noticeably different from those with
morning-air drainage, since up to midnight the wind in
each case is westerly or with a west component.

Some idea of the frequency of air drainage may be
obtained from the following: In March, 1918, there were
15 “radiation’ nights, on 14 of which air drainage oc-
curred. In April there were 15 radiation nights, 11 of
which had a period of air drainage. In May, with 13
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F16. 6. A to D: Temperature falls due to air drai.na%e.
temperature, occurring after daylight (I and L, after

above the critical point, so as to minimize the injurious
effect of any sud(fen or unexpected inflow of cold air.
The wind is usually very light at the time, and the change
in direction, occurring without any change in velocity,
may often pass unnoticed.

t should be stated here that the sharp falls such as
have been discussed occur only with shifts of the wind to
northeasterly; that is, to any direction between north
and east. Accelerated falls may attend winds from other
directions, but nothing of the nature of a sudden fall.

85162—18—-2

E to H: Illustrating effect of laie air draina; 1
sunrise), due to late shifts of the wind to northeast. M to : Effect of continued westerly winds through the night.

in advancing time of minimum temperature. I to L: Sharp falls in

radiation nights, air drainage occurred on 6. It will be
noted that the relative frequency of this condition de-
creases as the season advances.

4. Mixing of air strata of different tem peratures.—Spring
being normally the driest season of the year in this dis-
trict, the daif; range of temperature also is normally
greatest during this season. In country exposures nights
with 40 to 50 degrees radiational cooling are the rule, and
the temperature frequently falls as much as 30 degrees
between sunset and midnight. Outside the farming dis-
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tricts the range of temperature must be still greater. This
rapid cooling during the night, followin% the equally great
heating during the day, is very favorable to the establish-
ment of pronounced vertical temperature inversions, and
the mixing of the cool lower stratum with the air of higher
levels would result in temperature fluctuations of consid-
erable amplitude. Such disturbances of the temperature
would be expected to occur with a change in the wind
direction or with an increase in the velocity, and it is
attending such changes that the temperature fluctuations

MONTHLY WEATHER REVIEW.
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The relative amounts of heating and cooling must be
quite different for the different areas. The writer has
often noticed the change in temperature experienced in
passing from a region of arid prairie land to an irrigated
region covered with growing crops. The writer also once
experienced, while traveling along a level country road in
the early morning, three distinct alternations of warm and
cool air; the difference in temperature was not only
noticeable but remarkable, probably amounting to as

much as 10 degrees.
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mostcommonly occur. They also are more frequent and of
greater amplitude after mi i%]:t than before, and during
periods of weather than when the ground is moist.

5. Unequal heating of the ground and lower air stratum.—
The irrigated and cultivated portions of the Pecos Valley
are not contiguous. Large areas, comprising from less
than a square mile up to 40 to 50 square miles, under irri-
%ation and cultivation and covered with vegetation often
uxuriant, are interspersed with almost equal areas of
dry, bare prairie land, while surrounding the whole is a
vast stretch of arid or semiarid country.

traces: Effect of local inﬂgnlities in night cooling (night of May 18-20). Lower traces:
ht with approximately normal cooling, (b) a night with air drainage after 2 a. m., and (c) a night with retarded cooling after 7 p. m.

Comparison of rural temperatures (solid line) with city temperatures

Such conditions may produce temperature fluctuations
both day and mﬁht, especially when the wind is variable.
In the farming districts these probably are rises during
the d:.f and up to the median temperature hour and falls
thereafter.

An example of what the writer believes to be temper-
ature variations of this type is shown by the upper traces
of figure 7 (May 19). The two superimposed traces were
made at two substations less than 3 miles apart, whose
exposures and general surroundings were as nea.riy alike
as was practicable. As a rule the thermograph traces of
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these two stations are nearly identical, as shown by the
traces for the followinﬁ two days (May 20 and 21). On
the date in question the night traces were so dissimilar
that it would appear they were made at stations far apart
or under widely different conditions of exposure.

The lower traces of figure 7 are a comparison between
thermograph records made at the Weather Bureau sta-
tion, under city influences (broken line), and at the sub-
station at the writer's residence, under entirely rural
surroundings (solid line). Besides showing the effect of
city influences, these show the differences between the
two records on (a) a normal radiation night, () a night
with air drainage, and (¢) a night with retarded cooling
after 7 p. m.

It has been mentioned that the retarded cooling durin,
the first half of the night, followed by an accelerated fa
of temperature, is often observed with other conditions
of wind direction than westerly wind shifting to north-
easterly. This may have a possible explanation in the
fact that the range of temperature in the farming region
must be less than the range over the bare prairie. gI‘l'le
daytime heating and the night cooling would each be less
in the cultivated and irrigated region. Winds from off
the prairie would, therefore, tend to retard the cooling
until they were themselves cooled radiationally to the
same temperature, after which, being cooler than the
air over the farming country, they would tend to accel-
erate the fall of temperature. In such cases, however,
the temperature evidently should begin to fall at a rate
greater than normal at about 8 p. m, (the median tem-
perature hour) instead of at midnight or after, as ob-
served. The fact that the thermographs are located some
distance from the open prairie, in the interior of the
farming country, may e:‘:lpla.in this discrepa.nci.

The small but abrupt roF in temperature that accom-
panies the arrival of an early morning northeast wind is
without question due to unequal cooling. This air is
from off the exceptionally bare prairie land to the north
and northeast, and, being cooled radiationally to a tem-
perature several degrees below that of the farming dis-
trict, naturally flows down valley through that -district.

Forecasting.—I1t is evident from the foregoing that the
wind direction is an important factor to be considered in
forecasting night and minimum temperatures. On occa-
sions it may be the only factor, in addition to the normal
radiational cooling.

On nights when the wind direction will be controlled by
pressure gradients, the topographic factor has to be con-
sidered. Normal falls of temperature usually occur with
south and southeast winds, as the mechanical cooling
about neutralizes the excess warmth,

On clear nights, the fall of temperature up to 8 or 9
p. m. is about the same for all directions of wind having
a westerly or northerly component, and therefore the
cooling in the early evening may be no guide as to what
the subsequent fall of temperature is likely to be. Even
when the pressure is rising with a northwest wind, the
cooling during the early hours of the night may not be
more than normal, and may even be less than normal.

This condition, where a HIGH is developing across the
central mountain States, presents a situation that
requires careful attention. The time at which the wind

ill shift from northwest to northeast often determines
whether or not injurious temperatures will be reached.
This may occur at any hour of the day or night, although
its time of maximum frequency is about sunset, with a
secondary maximum near midnight. But even if it
occurs as late in the night as 3 a. m., in the spring it is
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likely to reduce the temperature to a critical degree by
sunrise. The examples that are submitted in ngure 5
are not extreme cases. The following is an example of
an extreme case that came under the writer’s personal
observation: On October 28, 1917, a sudden shift of the
wind from west to northeast resulted in a fall of tem-
ﬁerature of 27 degrees in one hour and 45 degrees in five

ours. In two hours the temperature was reduced from
68° to freezing; and since this occurred at night, a great
deal of picked? exposed fruit was frozen before it could be
sheltered or protected.

That such a shift will occur can usually be success-
fully forecast from the weather and pressure-change
maps, and the time within three hours can often be fore-
cast also. Further than this it is impossible to go.
It is of some value, however, to have the fruit growers
advised of the impending change, so that they can pre-
pare in advance. Where the local conditions announce
a freeze 12 to 24 hours in advance the orchardist needs
no further notice; but in the case of the sudden falls of
temperature here described, the fall is nearly always
preceded by temperature above normal, and sometimes,
as mentioned before, there is a decided rise for two to
four hours preceding the shift of the wind.

On clear, still ningts in spring a period of air drainage
is usually to be expected; but since the retarded cooling,
which normally occurs before midnight, is in most cases
compensated for by the following rapid cooling, the me-
dian hour temperature method of calculating minimum
temperatures can be employed with a fair degree of suc-
cess. Where the cooling 1s noticeably retarded hefore
the median hour, the probable range for the night can
be approximated by applying a correction to the median
hour temperature.

The late, sharp falls in temperature, such as are shown
in_figure 6, present a slightly different problem. As a
rule it is impossible to forecast on the Ereceding day even
the approximate time when the northeast wind will set
in. “Dips” in the temperature, therefore, can not be
forecast much in advance. Before the shift, however,
the wind velocity decreases for two to four hours from
an_average of about 6 miles per hour to about 2 miles
or less; sometimes it is almost calm for half an hour before
the shift occurs. This condition enables the forecaster to
give the orchardists precautionary advices an hour or
more in advance. It is the writer's experience that on
critical nights the observer is kept up all night, so that the
issuing of a precautionary warning at 3 or 4 a. m. is no
inconvenience.

At such times the fact that the normal minimum will
very probably be reached is an aid to the forecaster in
estimating the amount of the early morning fall of tem-

erature. The only danger is that the normal fall may
e exceeded, as sometimes is the case when late shifts of
the wind occur.

Variations in the temperature, due to the mixture of
air strata of different temperatures, or to inequalities in
the cooling of the lower stratum, may occur early in the
night, so that the temperature at the median hour may
not be the true median temperature. Such variations are
easier to detect from an examination of the thermograph
trace than is a gradually retarded fall. In both cases it
is necessary to correct the median hour temperature, or
the temperature at 8 p. m. in case the cooling from 6 p. m.
to 8 p. m. is used, in estimating the probable minimum.

It was stated on page 364 that the normal cooling for
any night can be determined at an early hour—say at 8
p. m.—if the accidental variations occurring up to that
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hour can be eliminated. And since on clear, still nights
the range is, with certain exceptions, very nearly the
same as would have occurred with normal cooling, 1t fol-
lows that the actual range can be very nearly calculated.

The writer takes into account the following in elimi-
nating the accidental variations from the thermograph
trace when such occur before 8 p. m.: (1) The character
of the trace before the irregular variations began; (2)
observations of the wind direction for two hours or more
before 8 p. m.; (3) the ra.n%\e of temperature on previous
similar pights; (4) the character of the temperature
variations.

If the night promises to be favorable to radiational
cooling, then the range of temperature on previous simi-
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usually on or very close to the normal radiational path,
ag in trace C, figure 8.

Observations of the wind direction are also of value in
determining the character of the night trace.

The three upper traces of figure S illustrate the method
used in correcting the median Rour temperature. Trace A
was made at the New Mexico Military Institute, where
the median temperature hour for April is 7: 50 p. m., and
B and C were made at the writer’'s residence, where the
median hour for February is 7:35 p. m. The calcu-
lated normal ¢urve for each night, up to 8:30 p. m,, is
shown by the broken lines. The asterisks at 6 a. m.
mark the calculated minimum temperatures, while the
small circles mark the minimum temperatures that would
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¥1a. 8. Application of ‘“corrected” median hour temperature method. On upper traces, broken line shows ealculated normal curve up o 8.30 p. m. Lower traces: Cases

where temperature fluctuations were not apparent at the time of median

lar nights is of value. Minimum temperatures calculated
by this means alone will be within 3 degrees of the actual
minimum about half the time.

Frequently the normal cooling up to the hour of obser-
vation (8 p. m.) can be closely a}l)lproximated by project-
ing the portion of the thermograph curve made betore dis-
turbing influences set in downward along a normal path;
the point on this projected curve at the median hour is
the normal position oi the median temperature.

The character of the temperature variations is some-
times of considerable aid in plotting the normal curve.
Any disturbances of the temperature at or near the hour
of observation on ‘‘radiation” nights are nearly slways
. rises. Such disturbances are often in the form of a num-
ber of rises and falls, and the lowest points reached are

temperature.

have been calculated lij using the actual median hour
temperature. Traces D, E, and F are examples of tem-
perature fluctuations that did not begin until after the
median temperature hour. Here the usual median hour’
temperature method may be applied with satisfactory
results.

In determining to what extent, if any, the fall of tem-
perature early in the night is being affected by the impor-
tation of warmer or co%der air, the character of the tem-
perature curve during the day, and the time of maximum
temperature, are considered. An inflow of cold air suf-
ficient to reduce the temperature 1° per hour will cause
the maximum to occur about one hour earlier than
normal, provided this cooling influence has been active
throughout the day. With clear weather, a slight im-
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ortation of cold or warm air can also often he detected
gy comparing the noon temperature with the temperature
at 6 p.m. Thedifference between these two temperatures
varies with the season, but in April, in rural exposures in
this distriet, the temperature at 6 p. m. is normally 7 de-
grees lower than atnoon. If, for example, the temperature
at 6 p. m. is 10 degrees lower than at noon, it is assumed
that during the 6 hours there has been an inflow of cold
air sufficient to reduce the temperature 0.5 degree per
hour. Whether such cooling was active throughout the
six hours can often be determinad from the thermograph
trace. The use of these methods ﬁre.su pposes that the
cooling or warming will continue throughout the night,
which is not always the case. Where the reception of
solar radiation is materially interfered with by cloudi-
ness during the afternoon the method has no value.

The condition of the ground as regards moisture is also
a factor to be considered. A rain will materially lessen
the range of temperature for the following night, and
probably for several nights, depending on the amount of
moisture retained by the ground. It will also reduce the
irregular variations in both number and amplitude.

The dewpoint is so infrequently reached that the fore-
caster can usually afford to ignore it. In the spring the
average difference between the minimum temperature
and tﬁe morning dewpoint is 18 degrees.

It was stated in a preceding paragraph that there are
exceptions to the rule that the normal minimum will be
very nearly reached on nights favorable to radiational
cooling. One of these exceptions is where the wind,
which is normally westerly
night, continues from the same general direction through-
out the night. This is due, of course, to an increasing

ressure gradient from east to west across New Mexico,
gut it is often difficult to know whether or not such

adient will be sufficient to control the wind direction

uring the second half of the night. It may develop
during the night, when such development can not be
foreseen on the preceding day. This is likely to modify
greatly the course of the temperature after midnight, and
minimum temperature forecasts on suech occasions ma
be as much as 10 or 12 degrees in error. A single example
of this is presented in figure 4, for the night of March
23-24, 1918. The broken line here reﬁresents the normal
cooling, as calculated at 9 }il m. ‘the evening before.
Also, with westerly winds, the minimum temperature
is likely to occur at any time between midnight and
morning. In figure 6, traces M to P, the minimum of each
trace was due to a temporary shift of the wind to east or
northeast. )

The second exception to the rule is where a late shift
of the wind to northeast occurs. Traces B, D, J, K, and
L, of figure 6, may serve as illustrations.

Temperature irregularities due to the mixing of the
lower and upper air or to the unequal cooling of the lower
air do not materielly affect the minimum, except in the
case where such a fluctuation occurs at the time of mini-
mum temperature. This unequal cooling is normally
most pronounced ea.rlg in the morning, and the tempera~
ture variations due thereto may be considerable, but as
a rule they are not of sufficient amplitude to destroy the
value of the forecast.

Most of the local orchardists who practice orchard heat-
ing are equipped to meet successfully any low tempera-~
ture that is likely to occur. Consequently they are as
much interested in knowing at what hour of the night the
temperature will reach & critical degree as in knowin,
what the minimum is likely to be. Owing to the usua
extreme irregularity of the night thermograph trace on
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nights favorable to radiational cooling, it is easier to cal-
culate the temperature for different hours of the night
when there is a decided inflow of cold air. In spring,
however, the temperature rarely reaches a critical point
before 4 a. m., and the temperature at this hour can be
calculated with a greater degree of accuracy than for any
Erecedmg hour back to midnight. This 1s because, as
as been stated, the temperature on ‘“‘radiation” nights
islends to regain its normal path in the early morning
ours. '

ICE STORMS IN THE SOUTHERN APPALACHIANS.
VeaNE RuoapEs, Forest Examiner in Charge Pisgah Purchase Area.

_ Numerous brief records have been made from time to
time relating to the severity of ice storms in various sec-
tions of the United States. So far as the writer is ac-
quainted with the accounts of such atmospheric disturb-
ances published in this country, none of them speaks of
damage to tree growth as being as widespread or so in-
jurious in their effects as that which was occasioned by
an ice storm which passed over the hardwood region of
a portion of western North Carolina and northwestern
South Carolina in the early spring of 1915.

A rain began falling at 6 p. m. on March 4, 1915, and
about midnight the temperature dropped to freezing.
The rain thereupon turneg to sleet, an(f) for the ensuing
24 hours, from midnight on the 4th to midnight on the
5th, the precipitation was practically continuous either as
rain or as sleet. A heavy coating of ice encased the
branches, both large and small, of all trees found within
the compass of the storm, which followed a general
southwesterly direction in the vicinity of Hendersonville,
Saluda, and Tryon, N. C

At the higher elevations in the mountains—in Pisgah
Forest, for example—the greatest amount of damage to
tree growth was on the slopes facing the south and east.
Iy the valleys the severity of the storm was felt alike on
the hills and along the streams.

On the following morning the chestnut and oak slopes
showed a vast array of W%xitened, splintered tops and
trunks where the limbs had been torn away. It was a
striking, though not a pleasing, picture. It was an eas
matter for one to stand in one spot and count hundreds
of trees which had lost a portion or all of their tops and
branches because of the weight of the accumulated ice.
In the heads of some of the coves in Pisgah Forest the ice
on the ground was 20 inches or more in depth where it
had fallen from the trees. In numecrous instances white
oak, chestnut oak, and red oak with their strong fibers
were broken off sheer at a height of 20 feet from the ground.
One 16-inch white oak was observed in a small opening in
the surrounding forest with its trunk snapped in two. gNo
defect contributed toitsfall. The number of trees in the
region which plainly showed the marks of the ice storm
must have totaled in the hundreds of thousands.

Apparently no one species withstood the shock of the
ice better than another. This observation applies par- -
ticularly to the mixture of the species where the ice
deposit was the heaviest. Probably more chestnut trees
were injured than any other species. This was due
robably to the fact that chestnut is numerically the
eading species in the region rather than to any brittle
quality of its wood. Younf trees with flexible branches
suffered as severely as did old trees of stiffened fiber.

Oaks of all species, chestnut, basswood, yellow poplar,
white pine, yellow pine, and even hickory were hard hit.
Second-growth yellow poplar coming up in dense stands



